S

ANALYTICAL BIOCHEMISTRY 204, 40-46 (1992)

Quantitative Fluorometric Analysis of Plant

and Microbial Chitosanases’

Wolfgang F. Osswald, Roy E. McDonald, Randall P. Niedz, Jeffrey P. Shapiro, and Richard T. Mayer?
U.S. Horticultural Research Laboratory, Agricultural Research Service, U.S. Department of Ag-iculture

2120 Camden Road, Orlando, Florida 32803-1419

Received September 24, 1991

A quantitative fluorometric assay for chitosanase ac-
tivity in bacterial and plant tissues was developed. The
assay can be conducted with either finely milled prepa-
rations of chitosan in suspension or dissolved chitosan;
activity is based on measurements of glucosamine
(GleN) or oligomers of GIcN. GleN is detected fluorome-
trically after reaction with fluorescamine with detec-
tion in the nanomole range. Fluorescence measure-
ments of chitosanase activity and radioassay of
chitinase in commercial preparations of chitinase from
Streptomyces griseus revealed that both activities were
present. Specific activities for the S. griseus chitosan-
ase using suspended and soluble chitosans were respec-
tively 1.24 and 6.4 yumol GleN - min ! - mgprotein'. Spe-
cific activity of the S. griseus chitinase was 0.98 umol
GleN -min~! - mg protein~!. Sweet orange callus tissue
was tested for chitosanase and chitinase activity. It was
necessary to remove small amine-containing molecules
from the callus preparations before chitosanase activ-
ity could be assayed. The specific activity for chitinase
and chitosanase in desalted extracts of nonembryogenic
Valencia sweet orange callus tissue was determined to
be 18.6 and 89.4 nmol GleN-min '-mg protein?,
respectively. © 1992 Academic Press, Inc.

There has been a great deal of interest generated in
pathogenesis-related proteins since their discovery in
1970. Stress and pathogen infection often result in the
induction of pathogenesis-related proteins in plants (1)
and their presence is often associated with plant defense
systems. Five groups of tobacco pathogenesis-related

! Mention of atrademark, warranty, proprietary product, or vendor
does not constitute a guarantee by the U.S. Department of Agricul-
ture and does not imply its approval to the exclusion of other prod-
ucts or vendors that may also be suitable.
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proteins have been identiied and are used for nomen-
clature purposes (2). Pathogenesis-related proteins oc-
cur widely in a number of different plants (1,2).

Chitinases and chitosanases are considered part of
the pathogenesis-related protein family (1-5). Chitin-
ases and chitosanases degrade chitin (a polymer of N-
acetylglucosamine; GlcNAc) and chitosan (deacetylated
chitin), respectively, into saccharides and oligosaccha-
rides. Although plants themselves contain neither chi-
tin nor chitosan, many plant pests do. For example,
fungi contain both chitin and chitosan (6). These en-
zymes are not unique to plants; it has been known for
sometime that chitinases are important to arthropods
and are essential during ~he molting process (7,8) and
that microbes can produce both chitinases and chito-
sanases (3). The possibility exists that if chitinase levels
in plants could be raised to sufficiently high levels, resis-
tance to plant pathogens such as fungi would ensue.
Bedbrook et al. (9) have successfully transferred bacte-
rial chitinase genes into plants and have observed ex-
pression of the genes. It is conceivable that chitosanases
could be utilized in a sim.lar manner.

Studies of chitinases and chitosanases have been
complicated by the fact that some chitinases may pos-
sess chitosanase activities; (10) while others do not (3,4).
Much is known about chitinases, perhaps because of the
availability of facile radicassays (11). Knowledge about
chitosanases has been hampered by the fact that assays
have been dependent on colorimetric methods, which
are not highly sensitive (12). Recently, procedures for
the qualitative tests for chitinases and chitosanases
after polyacrylamide gel electrophoresis have become
available (4,13). These methods have assisted in under-
standing the roles of chitinases and chitosanases in
plants; however, what is really needed to gain full knowl-
edge is a sensitive, quantitative assay for chitosanase.

This laboratory previcusly developed a quantitative
method for the detection of amine-containing carbohy-
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drates (14). The method is based on the reaction of
fluorescamine with the amino sugar to produce a highly
fluorescent product. We have now adapted this method
for the quantitative assay of chitosanases.

MATERIALS AND METHODS
Chemicals

Crab (Lot 89F0383) and krill (Lot 40F02741) chito-
sans, thiophenol, dimethyl sulfoxide, and acetic anhy-
dride were purchased from Sigma Chemical Co. (St.
Louis, MO). A “crustacean’ chitosan preparation (Lot
22742) and fluorescamine (Fluram) were obtained from
Fluka (Buchs, Switzerland). Shrimp chitosan was pur-
chased from Atomergics Chemetals Corp. (Farming-
dale, NY; Lot L0729). A completely deacetylated crab
chitosan was obtained as a gift from Katakura Chik-
karin Co., Ltd. (Ibaraki, Japan). *H-labeled acetic anhy-
dride (sp act 50 mCi/mmol) was obtained from NEN
(Wilmington, DE).

Chitinase Assay

Chitinase activity was measured according to Molano
et al. (11) using tritiated chitin prepared by acetylation
of shrimp shell chitosan with *H-labeled acetic anhy-
dride. The specific activity of the prepared chitin was
determined after acid hydrolysis (15) via fluorometric
analysis (14); the specific activity was 605 uCi- mmol ™!
GlcNAc. Radioassays consisted of 100 ul [*H]chitin (0.1
umol GlecNAc) suspension, 10, 30, 60, or 100 ul enzyme
extract, and 100 mM phosphate buffer (pH 6.5) to make
a total volume of 300 ul. Reactions were initiated with
enzyme and the reaction was allowed to proceed for 30
min at 37°C in a gyratory water-bath shaker. The reac-
tions were terminated with 300 ul of 1 M trichloroacetic
acid (TCA)® and subsequently centrifuged at 14,000g for
10 min. Aliquots (100 ul of the supernatants) were
mixed with 5 ml scintillation cocktail (Ecoscint A, Na-
tional Diagnostics, Manville, NJ) in scintillation vials
and the radioactivity was measured in a liquid scintilla-
tion spectrometer (1219 Rackbeta, LKB Instruments,
Gaithersburg, MD). One unit of chitinase activity is de-
fined as the release of 1 nmol GleNAc- min™".

Chitosanase Assay Using Chitosan Suspensions

Chitosanase reaction mixtures consisted of 100 ul
chitosan suspension (4 mg-ml™ of 100 mM sodium
phosphate buffer, pH 6.5); 10, 30, 60, or 100 ul enzyme;
and 100 mM sodium phosphate buffer (pH 6.5) to make
a final volume of 300 ul. All chitosan preparations used
for activity measurements were milled to 60 mesh in a

3 Abbreviations used: TCA, trichloroacetic acid; 2,4-D, 2,4-dichlo-
rophenoxyacetic acid.

Wiley mill (Model 3383-L60, Thomas Scientific, Phila-
delphia, PA). Chitosan concentrations used in the reac-
tions were saturating. Reactions were initiated by addi-
tion of enzyme and allowed to proceed for 30 min at
37°C in a gyratory water-hath shaker. Reactions were
terminated by addition of 300 ul of 1 M TCA. Two milli-
liters of a 1 M Na,HPO, solution and 0.4 ml of a 0.6 N
NaOH solution were mixed with the reaction volume.
After centrifugation (14,000g, 10 min), 1 ml of the su-
pernatant was pipetted irto 1 ml of 0.2 M phosphate
buffer (pH 8.8). Amino sugars were derivatized by addi-
tion of 50 ul of fluorescamine (3 mg- ml™') in either ace-
tonitrile or acetone. Fluorescence was measured using
an SLM-Aminco SPF 5C0C spectrofluorometer (Ur-
bana, IL) at excitation anc emission wavelengths of 395
and 493 nm, respectively. Chitosanase activity was cal-
culated on the basis of GlcN equivalents using a GleN
standard curve generated under the same conditions as
those used for the assays. Controls consisted of the
complete reaction mixtures stopped immediately after
addition of enzyme. Because proteolytic action may gen-
erate peptides and amino acids that could interfere with
the measurement of amino sugars, control values that
would account for protease contributions were deter-
mined from reactions mixrures that did not contain chi-
tosan. A third control containing only buffer and chito-
san was prepared to determine any fluorescence
contributed by chitosan. One unit of chitosanase activ-

ity is defined as the release of 1 nmol GleN - min™'.

Chitosanase Assay Using Soluble Chitosan

A stock chitosan solution was prepared by dissolving
400 mg of the desired chitosan in 100 ml of 50 mM acetic
acid. The pH of the stock solution was adjusted to 5
using KOH. Reactions were conducted at 37°C in a gyr-
atory shaker. Generally the reaction mixtures contained
100 pl of 100 mM acetate buffer (pH 5) and 100 ul chito-
san stock. In some instances 100 mM sodium phosphate
buffer, pH 6.5, was used. Chitosanase (100 pl; 0.34 or 3
ug S. griseus protein) was used to initiate the reactions.
Reactions were terminated by the addition of 1 M KOH
(50 ul). The reaction tubes were transferred to ice for 30
min to aid the precipitation of chitosan and then centri-
fuged for 10 min at 10,000g. Aliquots (100 pl) of the
supernatants were transferred to test tubes containing
1.9 ml of 0.7 M sodium phosphate buffer (pH 8.4). Fluor-
escamine was then added and the fluorescence mea-
sured as described above.

Enzyme Preparations

Commercial preparations of lyophilized chitinase
(60% protein) from S. griseus were from Sigma (Lot
C-1525). Chitinase and chitosanase were also obtained
from plant tissues. Nonembryogenic Valencia sweet or-
ange callus tissue (2 g fresh weight) was homogenized in
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4 ml ice-cold 100 mM acetate buffer (pH 5) with a Brink-
mann Polytron homogenizer (PT 10/35; Westbury, NY)
equipped with a PTA 108 generator for 2 min. The ho-
mogenate was transferred to an ice-cold Ten Broeck
Teflon-glass homogenizer and further homogenized for
20 s. The homogenate was then centrifuged at 10,000g at
5°C for 15 min. An aliquot (2.5 ml) of the supernatant
was applied to a NAP-G25 (Pharmacia, Piscataway,
NJ) column (5 X 1.5 em) and eluted using 3.5 ml of 100
mM phosphate buffer (pH 6.5); this was done to elimi-
nate low-molecular-weight compounds (e.g., amino
acids and peptides) that may interfere with the assay.

pH Effects

Acetate (pH 3-6) and phosphate (pH 6-8) buffers at
100 mM concentrations were used. Solutions of shrimp
shell chitosan (18% acetylated) were employed as the
substrate as described above except that 3 ug of S. gri-
seus protein was used. Reactions were run for 20 min.
The activities were normalized because of differences in
activity due to the buffers.

Protein Determination

Protein determinations followed the method of Brad-
ford (16). A standard curve in the range of 0-20 pg was
constructed using bovine serum albumin as the stan-
dard.

Preparation of 100% Deacetylated Chitosan

Two fully deacetylated chitosan samples were used in
experiments. The first was a gift from Katakura Chik-
karin Co., Ltd. (Ibaraki, Japan) and was prepared from
crab shell. The second was prepared from shrimp shell
chitosan (Atomergics Chemetals Corp.) essentially as
described by Domard and Rinaudo (17).

ir Spectra of Chitosan Samples

The degree of acetylation of the chitosan samples was
determined by ir spectroscopy using the method of Do-
mard and Rinaudo (17). Infrared spectra were run on a
Nicolet 740 FTIR (Houston, TX) using an advanced
diffuse reflectance device. Samples were heated at
105°C for 1 h over drierite (CaSO,) and then immedi-
ately placed in the nitrogen-purged spectrometer sam-
ple cavity. The spectra are the result of 128 scans at 4
cm™! resolution. All spectra were converted to the ab-
sorbance mode, smoothed by a 15-point smoothing pro-
cess, and baseline corrected to zero absorbance.

Citrus Tissue Cultures

A nonembryogenic cell line (Val88-1) was developed
from immature fruit vesicles of Citrus sinensis (L.} Os-
beck cultivar “Valencia.” Immature fruit were collected
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FIG. 1. Time curve of Streptomyces griseus chitinase activity using
chitosan as the substrate. The «assay was conducted as described
under Materials and Methods using 0.34 and 1.5 ug of S. griseus chi-
tinase protein respectively for the soluble (O) and suspended (@) chi-
tosan reactions. Points in the graph are the mean + SD (N = 6).

6 weeks postpollination in the spring of 1988 in Orlando,
Florida, and the vesicles were removed and cultured on
Murashige and Tucker’s (18) basal medium supple-
mented with 1 uM 6-benzylaminopurine, 2.5 uM 24-
dichlorophenoxyacetic acid (2,4-D), and 100 mg - liter™!
casein hydrolysate to induce callus. The vesicle callus
cultures were subcultured every 21 days and grown in a
growth cabinet under low light (15-20 yE-m™2.s7%),
provided by cool-white fluorescent lamps, constant
27°C, and a 4-h photoperiod. After 8 months of selec-
tion, a rapidly growing callus that was only slightly fri-
able was obtained. For maiatenance, Val88-1 was trans-
ferred to the same culture medium but with the 2,4-D
reduced to 1 uM and the subculture period increased to
28 days.

RESULTS
Effects of pH on Activity of S. griseus Chitosanase

The pH optimum was determined to be between 5 and
6.5. This was within the range reported for Streptomyces
sp. 6 (19).

Temporal Studies Using Microbial Chitinase/
Chitosanase Preparatior:s

Typical reaction progress curves that result from the
action of S. griseus chitirase on chitosan suspensions
and soluble chitosan are illustrated in Fig. 1. The reac-
tions proceeded in a linear fashion for at least 35 to 40
min under the conditions specified. The soluble chito-
san preparations required less enzyme than the assays
using suspended chitosan to yield the same activity.
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FIG. 2. Dependence of the chitinase and chitosanase reactions on
pratein concentration. Assays were conducted as described under Ma-
terials and Methods. Points depicted in the graph are the mean + SD
(N = 6). Protein is shown as ug protein - 300 ul™* reaction mixture. O,
chitosanase reaction utilizing suspended chitosan; A, chitinase reac-
tion; reaction times, 30 min. Chitosanase assay utilizing soluble chito-
san, [J; reaction time, 20 min.

Protein Dependency of Chitinase and Chitosanase
Reactions in S. griseus Preparations

Ohtakara et al. (10) have shown that S. griseus chitin-
ase acts not only on chitin but also on chitosan; i.e., it
possesses both chitinase and chitosanase activities.
This presented us with an opportunity to compare the
specificities of the enzyme to chitin and chitosan and to
compare the relative sensitivities of the chitinase
(radioassay) and chitosanase (fluorometric) assays us-
ing soluble and suspended shrimp shell chitosan. The
protein concentration of the S. griseus enzyme was var-
ied in the reactions while the incubation time was held
at either 20 or 30 min. The results of these experiments
are given in Fig. 2. Under these conditions, the chitinase
and chitosanase reactions were linear with regard to en-
zyme protein concentration between 0.65 and 2.3 ug for
300 ul reaction mixture using suspended chitosan (Fig.
2). When soluble chitosan was used, the linear range for
the chitosanase assay was between 0.05 and 0.5 ug en-
zyme protein per 300 ul reaction mixture. Specific activi-
ties at saturating substrate levels were calculated to be
1.24 and 6.4 umol GlcN - min™! - mg protein™! for the sus-
pended and soluble chitosan preparations, respectively.
Chitinase activity was determined to be 0.98 umol
GlcN - min™! - mg protein™. The chitosanase assays are
comparable in sensitivity to the radioassay for chi-
tinase.

Detection of Chitinase and Chitosanase Activities in
Plant Tissues

Valencia sweet orange callus tissue (nonembryo-
genic) was used as a source of chitinase and chitosanase

to determine if the chitosanase assay was suitable for
detecting chitosanase activity in plant tissues (Table 1).
Chitinase activity was also determined for comparison
purposes. Chitinase activity could be determined in the
crude extracts but chitosanase could not because the
background fluorescence was too high. Presumably, the
high background resulted from low-molecular-weight
peptides, amino acids, amino sugars, etc., that did not
precipitate in TCA but resacted with fluorescamine.
Therefore, the extracts were applied to NAP-G25 de-
salting columns to eliminate these materials from the
assay mixture. The data in Table 1 clearly indicate that
chitosanase activity is easily detected after passing cal-
lus extracts through small exclusion/desalting columns.
This treatment had little effect on total chitinase activ-
ity while the specific activity increased about 39%. From
the results on desalted extracts (Table 1), total and spe-
cific chitosanase activities were about five-fold greater
than those observed for chitinase in the Valencia callus
tissue.

Effect of Different Sources of Chitosan on S. griseus
Chitosanase Activity

Chitosans prepared from crab, krill, shrimp, and
“crustacean” shells were tested under S. griseus chito-
sanase reaction conditions to determine if they would
affect the chitosanase activity. Chitosanase activities
were conducted at two different pH’s because of solubil-
ity problems with the completely deacetylated prepara-
tions of chitosan. The 0% crab chitosan was completely
insoluble at pH 6.5 for the soluble assay. The results of
these experiments are listed in Table 2. There were dra-
matic differences in activities depending on the source
of chitosan used. There was a greater than 4-fold differ-
ence between the shrimp and crustacean chitosan sus-
pension preparations that contained 10-20% acetyla-
tion. A 14-fold difference was observed between the 18%

TABLE 1

Chitinase and Chitosanase Activities
in Valencia Cellus Preparations

Chitinase® Chitosanase®
Specific Specific
Total Total activity Total activity
protein  activi:y (U/mg activity (U/mg
Preparation (mg) U protein) U) protein)
Crude
extract 68.1 1126 16.5 nd nd
Desalted
extract 460 853.5 18.6 4113 89.4

¢ Chitinase and chitosanase activities were determined as described
under Materials and Methods. Shrimp shell chitosan (soluble; Ato-
mergic Chemetals) was used to determine chitosanase activity.
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TABLE 2
Chitosanase Activity of S. griseus Chitinase on Different Chitosan Samples

Chitosanase activity®

Chitosan Suspension Solution Solution
source (pH 6.5) (pH 6.5) (pH 5) % Acetylation
Shrimp 0.56 = 0.03 7.12 £ 0.74 5.81 +0.49 18.0 = 0.5
Krill 0.35 £ 0.03 5.01 £ 0.75 3.97 £ 0.94 20.1 £ 0.8
Crab 0.14 = 0.0 4.22 +1.24 2.38 + 0.23 138+ 18
Crustaceae 0.12 + 0.01 2.83 £ 0.18 1.76 = 0.33 10.5 = 3.1
Shrimp 0.08 = 0.01 0.74 = 0.10 0.43 = 0.04 0.0+0
Crab 0.04 = 0.02 nd 0.39 £ 0.07 0.0x+0

? Reactions were as described under Methods except that 3 ug S. griseus chitosanase protein was used and reactions were conducted for
either 20 min (solutions) or 1 h (suspensions) at 37°C. The amount of chitosan was 0.4 mg per reaction. Activity is given as the mean (umol
GlcN - min~'-mg protein™') = SD. The SD is calculated by a mean of four replications. nd, not determined.

acetylated shrimp chitosan and the 0% acetylated crab
preparation for the suspension assays. Solubilizing the
substrate increased the activity tremendously. Upon sol-
ubilization, the activity increased from 12.7-fold for the
18% acetylated shrimp chitosan to 30.1-fold for the
10.5% acetylated crab shell chitosan.

All of the substrates can be compared when they are
used either in solution assays at pH 5 or in suspension
assays at pH 6.5. On the basis of the activities of the
acetylated chitosans with S. griseus enzyme prepara-
tions, the enzyme substrate preference is shrimp > krill
> crab > crustacean. This order roughly parallels the
percent acetylation of the chitosan preparations (Table
2). These results suggest that chitosanase activity is re-
lated to the degree of acetylation of the chitosan used.
Experiments were therefore conducted using com-
pletely deacetylated samples of chitosan from shrimp
and crab Very little activity (ca. 0.4 umol GlcN-
min~!-mg protein™!) was observed with com-
pletely deacetylated shrimp and crab chitosans (Ta-
ble 2).

Effects of Protein and Proteases

It is possible that proteases and extraneous proteins
could create artifacts in the assay by providing sub-
stances that can react with fluorescamine. Bovine
serum albumin was added (3 to 150 ug protein) to reac-
tions with and without chitosan using both the S. griseus
and the callus tissue enzyme sources. No differences
were observed between the controls (i.e., complete reac-
tion without albumin) and the test reactions containing
albumin (data not shown). This indicates that albumin
does not affect the chitosanase reactions and that the
TCA precipitation efficiently removes contaminating
protein. No activity was observed in reaction mixtures
without chitosan; this indicates that proteolytic activity
was not responsible for the observed activity (data not
shown).

DISCUSSION

Our laboratory has had an interest in pathogenesis-
related proteins that are resident in Citrus. In particu-
lar, we have been interested in chitinases and chitosan-
ases because of their potential to reduce losses resulting
from fungal invasion by elevating enzyme levels after
induction or gene transfers. Although chitosanase ap-
pears to be an important member of the pathogenesis-
related family of proteins in plants, information on this
particular enzyme is sparse in comparison to the litera-
ture available on chitinasss and §-glucanases. Investi-
gations on chitosanases niay have been limited by the
lack of facile, sensitive assays.

Given the lack of a suitable chitosanase assay, we set
out to develop one. The resulting fluorescence assay uti-
lizes inexpensive and easily available materials and is
simple to conduct. Fluorescent derivatives of the chito-
sanase products are obtairied by reaction with the amine
reactive substance, fluorescamine. Chitosanase activity
is reported in terms of GlcN equivalents using a GleN
standard curve. Fluorescamine reacts with primary and
secondary amines, including amino acids, peptides and
proteins, and amino sugars (14,20,21). An advantage of
this methodis that the reagent, luorescamine, is nonflu-
orescent and only reaction with primary amines yields a
fluorescent product; excess fluorescamine reacts with
water to give a nonfluorescent decomposition product
(20). Other advantages are that reaction with amines
occurs rapidly (in milliseconds) and that small amounts
(nanomole to picomole range) of amino sugars (14) and
amino acids (20,21) can be detected.

The data presented here indicate the suitability of
this assay for measurement of chitosanases from micro-
bial and plant sources. Assay of chitinase and chitosan-
ase in a chitinase preparation from S. griseus demon-
strates that both enzymes can be detected, supporting
the report of Ohtakara et al. (10) that S. griseus chitin-
ase is active against chitcsan.
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It is our recommendation that chitosan solutions,
rather than suspensions, be used where possible. Chito-
san solutions are much easier to manage by pipette and
they yield higher activities. Presumably, the higher en-
zyme activities resulting from the use of chitosan solu-
tions is due to better substrate availability to the en-
zyme. Results with chitosan suspensions were provided,
since assay with insoluble chitosan may sometimes be
necessary.

Under our assay conditions, the limits of detection for
the chitosanase assay are comparable to those of the
chitinase radioassay developed by Molano et al. (11).
The limits of GleN detection can be increased substan-
tially by using a larger aliquot of reaction supernatant
for reaction with fluorescamine and by increasing the
sensitivity of the fluorimeter; a 50-fold increase could be
easily obtained. As with most fluorescamine reactions,
it is important to maintain the optimum pH for reaction
with the primary amine to obtain complete reaction
and, hence, maximum sensitivity (22). The optimum pH
range for reaction of GleN with fluorescamine is pH 8-9
(unreported data). Sensitivity may also be increased by
increasing the final amount of the fluorescamine carrier
solvent in the reaction mixture. Tomkins et al. (23) have
shown that about a 10-fold increase in sensitivity is ob-
tained in fluorescamine reactions when the amount of
fluorescamine carrier solvent (either acetone or acetoni-
trile) is 50% of the final reaction mixture. This effect is
undoubtedly due to solvent interaction with the fluoro-
phore in the excited state (24); solvent interaction with
substances during the excited state can dissipate energy
and subsequently lower the quantum yields of fluores-
cent compounds. In addition, reports (23) have indi-
cated that a number of hydroxylic solvents (e.g., alco-
hols) are unsuitable solvents for fluorescamine because
they form additional products with the result that re-
agent reactivity is lowered.

The chitosan source may also affect the sensitivity of
the assay. Our results indicate that large differences in
activity can be obtained using different chitosan prepa-
rations. Possible explanations for the difference may
either be the degree of acetylation remaining in the chi-
tosan preparations or the length of chitosan fibrils as
shown by Koga et al. (25). Complete deacetylation of
chitosans evidently leads to shorter-chain-length mole-
cules (17). The degree of acetylation may vary consider-
ably among different commercial preparation of chito-
san (Table 2) (17). We found that the chitosanase
activity in S. griseus preparations was greatest with
commercial chitosan preparations having 18-20% acety-
lation. Direct comparisons of enzyme activity between
different laboratories studying chitosanases will be dif-
ficult because of the influence of substrate source. In-
vestigators should include the biological source and the
percentage of acetylation of their chitosan preparations
so that comparisons might be made. Although we did

not compare activities of various chitosanases with
those of different chitosan substrates it is likely that
large differences in activities would be observed, i.e.,
that the enzymes from different sources would have dif-
ferent substrate preferences.

Experiments with Valencia sweet orange callus tissue
utilizing the fluorescent and radioisotopic assays
showed that chitinases and. chitosanases were present.
This is the first direct evidence for these enzymes in
Citrus. Gavish et al. (26) have reported that antibodies
raised against tobacco chitinase and 1,3-8-glucanase
cross-reacted with extracellular proteins isolated from
sour orange nucellar cell cultures; however, there was
no confirmation of activity. On the basis of the activity
data, it appears that chitosanase is present in higher
concentrations than chitinase. Electrophoretic and iso-
electric focusing data indicate that there are several
acidic and basic chitinases (unreported). We have not
been able to determine whather the chitinases possess
chitosanase activity or if there are separate chitosan-
ases; however, incubation of the desalted extracts with
completely deacetylated shrimp chitosan resulted in low
chitosanase activities (unreported). Recently, Grenier
and Asselin (4) reported specific chitosanase isoen-
zymes in the leaves of barley, tomato, and cucumber.

In summary, a quantitetive fluorescence assay for
chitosanase has been developed. The suitability of the
assay for detection of chitosanase activity has been dem-
onstrated using microbial and plant tissue sources.
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